when the robot loads force on space station transfer mechanism, there exist some issues such as unstable robot force control system, insufficient load accuracy, and long settling time. To solve these problems, a strategy for adjusting the admittance controller parameters adaptively is proposed. Firstly, the relationship between force and position is established according to the admittance control theory. And a force tracking/force loading controller based on the rectangular coordinate system is initially designed. Then, the parameters of the load transfer mechanism model are identified based on the loading experiment data by the least square method, and the relationship between force and position of robot in specific workspace is established. Finally, the parameters of the admittance controller are adaptively adjusted to make the robot dynamics model approximately match with the dynamic model of the load transfer mechanism. The real-time spatial loading force imposed by the robot on the end of the load transfer mechanism after spreading is realized. The experiment shows that the tracking error of the robot relative to the load transfer mechanism is less than 0.1 mm, and the loading force error is less than 1%, and the robot meets the requirement and provides a real equivalent space load for the space station transfer mechanism.
INTRODUCTION
According to China's manned space engineering plan, China will build a space station system in 2022. The load transfer mechanism can transfer fuel, equipment between station tanks. In order to simulate the real force applied on load transfer mechanism in space, in ground test, the robot loading experimental system of load transfer mechanism is designed, it is shown in figure 1 . it is divided into zerogravity hoisting system and mechanical manpower loading unit. The loading unit adopts a 6-DOF industrial robot with a 6-dimensional force sensor at the end to carry out force loading experiments on the load transfer mechanism. Many scholars have studied machine manual control, among which impedance/admittance control has been adopted by many scholars due to its strong adaptability and high robustness. Fig. 1 . Loading force test system of the load transfer mechanism Liu Zhiguang [1] adopted the method of fuzzy control of impedance parameters to solve the loading force stability problem of the robot on the static curtain wall, but there are problems such as long adjustment time of impedance parameters, slow convergence speed of loading force and large overshoot [2] [3] . Also for the stability of the force between the robot and the environment. He [4] [5] used the method of artificial neural network to estimate impedance parameters to realize the robot's fast force control over the environment through simulation under the circumstance of unknown environmental constraints and robot system model. In recent years, some scholars have conducted researches on the application of adaptive impedance /admittance control of robots, and Ranatunga [6] are based on modules Type I reference adaptive control [7] makes the admittance model of PR2 robot match the operator's dynamic model, improves the man-machine collaboration ability and makes the robot better adapt to manual work [8] . Similarly, the online adaptive adjustment scheme of admittance parameters proposed by Landi and Dimeas [9] [10] have effectively improved the performance of humancomputer interaction and manual force guidance. Jung [11] used the method of adjusting the impedance function to compensate for the uncertainty in the impedance equation with the torque of the previous control period, and realized the robot's adaptive adjustment of the loading force of the rigid body, but failed to solve the loading force tracking problem under the condition of large deformation and vibration of the loaded object [12] .
In this article a novel adaptive adjustment strategy of admittance controller parameters is proposed, this method ensures that the robot can not only track the position of the load transfer mechanism after the expansion and completion, but also realize the constant force loading with higher accuracy of the robot. Firstly, kinematics of the robot is analyzed and the relationship between force and position is established by admittance control theory. Then, according to the robot and the load transfer mechanism model, a control law of adaptive adjustment of admittance controller parameters is designed to make the robot model approximately match the developed load transfer mechanism model, which provides a real equivalent space load for the mechanical performance test of the load transfer mechanism.
II. DESIGN OF THE ROBOT LOADING FORCE

CONTROLLER
Taking the force loading mode as an example, the negative feedback control of the force is shown in figure 2 . The input is the loading force and the output is the measuring force. In the force control method, the force closed loop is placed on the outer layer of the position control loop, and the comparison value of the force is taken as the input of the position control loop. The desired position is corrected through force feedback, that is, the force tracking in the operating space is realized through the position control in the operating space. In the force vector loaded by the robot is FiL, the force vector measured by the sensor is FiM, the position of load transfer mechanism is Xc, the current position of the robot is Xi, and the relationship between position correction vector, ∆Xi and force deviation is designed. The relationship of force deviation is
represents the force deviation , FiM represents the measured force of the, and FiG is the gravity compensation term. , FiL is the set value of the robot force loading, force follow is a special form of force loading, when the reference input FiL= 0 When the robot is switched from the loading mode to the force following mode. In order to achieve the decoupling of the target impedance model in each axis direction, the target impedance matrix M, B and K are taken as diagonal matrices, which can independently analyze the force control of the robot in any one of x, y and z.
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The corrected robot current position control vector is
Let the initial position vector of the 6th axis of the robot be
In the equation o, a, and t are the angles of the 6th axis relative to the base coordinate system of the robot, which are rotated around the X, Y, and Z axes respectively. x, y, and z are the origins of the 6th axis coordinate system of the robot, and the origin of the base coordinate system. The distance the axis translates.
The pose matrix of the 6th axis of the robot in the base coordinate system is 0 co ca ct so st co ca st so ct co sa x so ca ct co st so ca st co ct so sa y sa ct sa st ca z
In equation c and s represent sin and cos functions.The tool coordinate system is fixed at the center of the end of the loading unit, and the coordinate transformation matrix of the robot tool coordinate system relative to its sixth axis is 6 7 0 1 0 0 0
Where 0 z is the offset distance of the coordinate system at the end of the tool head relative to the coordinate system on the 6th axis of the robot.
Let the position vector of the relative motion of the robot be
The relative motion matrix of the robot tool coordinate system is
c s s c c s c s c s s x c s s s s c c c s s s c y
Where ∆x, ∆y, and ∆z are the distances that the tool coordinate system translates relative to the X, Y, and Z axes coordinate system. α, β, γ represent the angle of rotation around the X, Y, and Z axes in coordinate system.
The coordinate transformation matrix of the robot's 6th axis coordinate system relative to the tool coordinate system is 7 6 0 1 0 0 0
The posture to be reached by the 6th axis of the robot is
Using the bivariate inverse tangent function, we can find 6 (1,4) 6 (2,4) 6 (3,4) 6 (2,3) 6 (1,3) , ,
The position vector to the 6th axis of the robot is:
When M, B, and K are respectively taken as values As the measured force and the position curve of the robot are shown in Fig.3 . As the parameters of the impedance control are taken as diagonal arrays, the robot force control established in the operating space is decoupled, and the decoupled force control system can be considered according to the single-dimensional model in all directions of the operating space, so that the force control system can be simplified into an independent single-input single-output subsystem for analysis. Therefore, the loading of the 6-dimensional force can be decomposed into force/torque loading on each axis of the tool coordinate system. According to the loading model, the strategy of adaptively adjusting the impedance controller parameters is used to approximate the robot loading unit and the load transfer mechanism model after the expansion, and a better force loading effect is achieved.
III. SYSTEM IDENTIFICATION
The load transfer mechanism dynamics model after the completion of the expansion can be approximated as a second order system.
Where C1 is the damping coefficient matrix of the load transfer mechanism, and D1 is the stiffness coefficient matrix of the load transfer mechanism. Since the inertia coefficient matrix B1 of the load transfer mechanism is reversible, it can be turned into
The dynamics model in the Z-axis direction is:
Where b1 is the damping coefficient in the Z axis direction, b2 is the stiffness coefficient in the Z axis direction, x hz is the model position output, and r is the command force input.
The load transfer mechanism dynamics model obtained by least squares method can be approximated as:
Among them, S is a complex variable, and its parameters are identified by least squares method. The displacement of the load transfer mechanism is measured by applying a force in the Z-axis direction to the load transfer mechanism. Due to the limited space, Table 1 shows the loading force and corresponding displacement for the first 50 integer seconds.
Using the autoregressive traversal model, the system corresponding to the discrete transfer function number is:
The corresponding difference equation is: (0)
The above equation can be written as a linear algebraic form:
x    (22) In the equation,
In order to minimize the sum of the squares of the residuals, is Indirect method is used to solve the system transfer function. According to the measurement data and Akaike information criterion (AIC) in Table 1 , the discrete transfer function model is first identified by least squares method, and then transformed into a continuous system transfer function model by continuous method; The AIC criterion expression is:
With the Pade approximation, the 4th order system can be degraded into a hypothetical 2nd order system form: Draw a Bode diagram of the transfer function before and after the reduction, as shown in Figure 4 : Fig. 4 . Bode diagram of load transfer mechanism identification model before and after reduction Before and after the reduction, the Bode diagrams are small and basically coincide, so the system model is the identified 2nd-order Pade system model.
The Lagrange equation shows that the dynamic equation of the robot is a second-order system. The general expression is:
Where q is the joint rotation angle vector, u is the control input, and J is the Jacobian matrix. Select the control law as:
then:
M is the inertia coefficient matrix of the admittance controller, B0 is the damping coefficient matrix, and C0 is the stiffness coefficient matrix, and both are diagonal matrices. The force control is decoupled in the operation space, so the Z-axis direction can be analyzed separately. Force loading experiments and then generalizing to 6dimensional force loading.
Since 0 M is reversible, it can be turned into:
The Z-axis dynamics model can be expressed as:
The transfer function is expressed as:
Similarly, according to the data corresponding to the position and force curve in Fig. 3 , the parameter is identified by the least squares method, and the dynamic model transfer function of the robot in the Z-axis direction is obtained. The loading process of the robot to the load transfer mechanism in the Z-axis direction is analyzed. The adaptive control based on the reference model of the load transfer mechanism is used to adjust the parameters of the admittance controller.
Let the error signal e be Where, e K is the stiffness coefficient of the contact surface of the load transfer mechanism, and assumes that the end stiffness of the robot is large enough, regardless of the deformation, r x is the position trajectory of the robot end when the load transfer mechanism is loaded with constant force, and ∆x is the robot's load transfer mechanism. The loading force is the shape variable at the contact point of the load transfer mechanism when the desired force d F .
Error dynamic equations can be obtained from equation (35) 
Substituting the and control law ujs into the equation (50) conclusion
Design the adaptive law as follows: 
 is uniformly bounded, so () gt is uniformly continuous with respect to time t. As ( ) 0
Vt is decreasing, when t tends to infinity, the V(t) limit exists, which is denoted
According to the Barbalat lemma,
As Q is a symmetric positive definite matrix, it can be obtained that: (48), Zaxis direction loading force, the Fd is set to 10 N, Elastic Stiffness of Contact Surface of Load Transfer Mechanism, for K = 3000 N/m, the initial values of the adaptive parameters are all 0. The position signal measured by internal encoders and when the position signal of the reference model is square wave, the position tracking curve, the loading force curve and the adaptive adjustment curve of the controller parameters are shown in Fig. 5 and Fig. 6 . Fig.5 shows the position curve and load curve of the controlled object (robot) tracking reference model (load transfer mechanism) when the reference input is a square wave signal. With the above adaptive law, the trajectory of the robot converges quickly to the trajectory of the load transfer mechanism. By matching the output value of the reference model to guide the controlled object to run in the desired direction, the robot can keep the position deviation of the load transfer mechanism within 0.1mm. At the same time, when the load transfer mechanism is subjected to square wave vibration, the loading force FM acting on the load transfer mechanism can keep up with the reference force FL. After 20 s, the loading curve is basically maintained as a constant force of 10 N with an error of less than 1%. Fig.6 The adaptive adjustment curves of k0, kP and kd As shown in Fig.6 , input square-wave command mutation, adaptive adjustment of parameters k0 kp and kd , adjustment time within 0.2 s, can quickly converge to their ideal value, so as to achieve the aim of control parameter convergence, effectively adjust the admittance of force controller parameters.
V. CONCLUSION
In this paper, the force loading of load transfer mechanism is studied by experiment. The kinematics of robot is analyzed, the least square method is used to identify the parameters, control parameters are adjusted adaptively by the reference model. By simulation analysis, the adjustment time of admittance controller parameters is 0.2s at the end of the robot. The position tracking error of the end to the load transfer mechanism is kept within 0.1mm, and the loading force tracks the reference force in a limited time to realize the constant force loading of the load transfer mechanism. Therefore, this algorithm has good adaptability to the position mutation of load transfer mechanism and meets the requirements of load experiment.
